SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2002-263028 filed on 
September 9 , 2002. 

FIELD OF THE INVENTION 
The present invention relates to a semiconductor device 
including semiconductor components formed on a semiconductor 
substrate and separated by trenches, and a method for 
manufacturing the semiconductor device. 

BACKGROUND OF THE INVENTION 

It is proposed that different types of semiconductor 
components are integrated into a single chip to reduce size of 
a semiconductor device while increasing its functions. This 
kind of IC is called a hybrid IC. The different types of 
semiconductor components may be a complementary metal-oxide 
semiconductor (CMOS) transistor, a bipolar transistor, and a 
laterally diffused metal oxide semiconductors (LDMOS) 
transistor. The CMOS, bipolar, and LDMOS transistors are 
digital, analog, and power components, respectively. 

In the hybrid IC, a trench isolation structure is applied 
for providing isolation by trenches among the components to 
reduce malfunctions due to electric interference. A silicon on 
insulator (SOI) substrate is used in the hybrid IC and the 



trenches are formed in the SOI substrate. 

During the manufacturing process of the hybrid IC, the 
area of the SOI substrate is divided into regions by the 
trenches. Then, CMOS, bipolar, LDMOS transistors are formed in 
respective regions. The electric interference among 

semiconductor components can be reduced by using the SOI 
substrate and the trench isolation structure. 

However, the hybrid IC requires a long testing period 
because it has various types of semiconductor components 
integrated in a single chip. Manufacturing processes of the 
semiconductor components, which are different from each other, 
become more and more complex due to an increase in variety of 
the semiconductor components. As a result, the testing period 
of the hybrid IC becomes even longer, and therefore the 
development period of the hybrid IC becomes longer, increasing 
the development cost. 

SUMMARY OF THE INVENTION 

The present invention therefore has an objective to 
provide a semiconductor device that does not require a long 
testing period and high development cost even though it 
includes a variety of semiconductor components. 

The present invention has another objective to provide a 
method for manufacturing the semiconductor device. 

A semiconductor device of the present invention has a 
semiconductor substrate, a diffusion structure, a trench, and 
a semiconductor component. The diffusion structure is formed 



in a region in which the semiconductor component is formed on 
the semiconductor substrate in size larger than the 
semiconductor component. The trench is formed in the diffusion 
structure. The semiconductor component is separated and 
5 isolated from its surrounding areas in the substrate by the 

trench that defines the size of the semiconductor component. 

With this configuration, the semiconductor component can 
be easily formed in different sizes. Therefore, the testing 
period of the semiconductor device can be shortened and the 
10 development cost can be reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objectives, features and advantages 
of the present invention will become more apparent from the 
15 following detailed description made with reference to the 

accompanying drawings. In the drawings: 

FIG. 1A is a plan view of a semiconductor device 
according to the first embodiment of the present invention; 

FIG. IB is a plan view of the semiconductor device after 
2 0 a diffusion structure forming process is completed; 

FIG. 2A is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned by line IIA-IIA; 

FIG. 2B is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned by line IIB-IIB; 
25 FIG. 2C is a cross-sectional view of the semiconductor 

device shown in FIG. IB sectioned with line IIC-IIC; 

FIG. 2D is a cross-sectional view of the semiconductor 
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device shown in FIG. IB sectioned with line IID-IID; 

FIG. 3A is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned with line IIIA-IIIA; 

FIG. 3B is a cross-sectional view of the semiconductor 
5 device shown in FIG. 1A sectioned with line IIIB-IIIB; 

FIG. 3C is a cross-sectional view of the semiconductor 
device shown in FIG. IB sectioned with line IIIC-IIIC; 

FIG. 3D is a cross-sectional view of the semiconductor 
device shown in FIG. IB sectioned with line IIID-IIID; 
10 FIG. 4A is a cross-sectional view of the semiconductor 

device shown in FIG. 1A sectioned with line IVA-IVA; 

FIG. 4B is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned with line IVB-IVB; 

FIG. 4C is a cross-sectional view of the semiconductor 
15 device shown in FIG. IB sectioned with line IVC-IVC; 

FIG. 4D is a cross-sectional view of the semiconductor 
device shown in FIG. IB sectioned with line IVD-IVD; 

FIG. 5A is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned with line IVA-IVA; 
20 FIG. 5B is a cross-sectional view of the semiconductor 

device shown in FIG. 1A sectioned with line IVA-IVA; 

FIG. 5C is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned with line IVA-IVA; 

FIG. 5D is a cross-sectional view of the semiconductor 
25 device shown in FIG. 1A sectioned with line IVA-IVA; 

FIG. 5E is a cross-sectional view of the semiconductor 
device shown in FIG. 1A sectioned with line IVA-IVA; 
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FIG. 6A is a cross-sectional view of a horizontally 
connected NPN bipolar transistor formed according to the 
second embodiment of the present invention; 

FIG. 6B is a cross-sectional view of an LDMOS transistor 
5 according to the second embodiment; 

FIG. 7 is a plan view of a semiconductor device according 
to the third embodiment of the present invention; 

FIG. 8 is a perspective partial view of a semiconductor 
device according to the fourth embodiment of the present 
10 invention; 

FIG. 9A is a plan view of a semiconductor device 
according to the fifth embodiment of the present invention; 

FIG. 9B is a plan view of the semiconductor device after 
a diffusion structure forming process is completed; 
15 FIG. 9C is a cross-sectional view of the semiconductor 

device shown in FIG. 9A sectioned by line IXC-IXC; 

FIG. 9D is a cross-sectional view of the semiconductor 
device shown in FIG. 9B sectioned by line IXD-IXD; and 

FIG. 10 is a cross-sectional view of a semiconductor 
20 device according to the sixth embodiment of the present 

invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The preferred embodiments of the present invention will 
25 be explained with reference to the accompanying drawings. In 

the drawings , the same numerals are used for the same 
components and devices . 
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[First Embodiment] 

Referring to FIGS. 1A and IB, a semiconductor device 100 
is formed on a semiconductor substrate 1, which is a silicon 
on insulator (SOI) substrate. The substrate 1 includes a 
silicon (Si) substrate 11, an insulating layer 12, a highly 
doped N-type diffusion layer 13, and a lightly doped N-type 
diffusion layer 14, as shown in FIG. 2A. The highly doped N- 
type diffusion layer 13 and the lightly doped N-type diffusion 
layer 14 form an SOI layer, the thickness of which is 
approximately 10 .m. 

The substrate 1 has regions, each of which includes the 
semiconductor components of a kind 2a-2d, 3a-3d, 4a-4e as 
indicated with dotted lines in FIG. 1A. The regions include 
bipolar transistor regions 2 and 3, an LDMOS transistor region 
4, and a CMOS transistor region 5. The bipolar transistor 
region 2 has rectangular-shaped diffusion regions 20, 21. The 
bipolar transistor region 3 has rectangular-shaped diffusion 
regions 30, 31. The LDMOS transistor region 4 has rectangular- 
shaped diffusion regions 40, 41. The COMS transistor region 5 
also has rectangular-shaped diffusion regions (not shown). The 
diffusion regions 20, 21, 30, 31, 40, 41 form diffusion 
structures that contain repeated patterns in the respective 
regions 2 , 3 , 4 . 

The bipolar transistor region 2 is separated into four 
sections by trenches 6 indicated with solid lines in FIG. IB. 
Each section forms a bipolar transistor 2a, 2b, 2c, 2d. The 
bipolar transistor region 3 is separated into four sections by 



trenches 6, forming bipolar transistors 3a, 3b, 3c, 3d. The 
LDMOS transistor region 4 is separated into five sections by 
trenches 6, forming LDMOS transistors 4a, 4b, 4c, 4d, 4e. The 
areas outside the trenches 6 in each region 2, 3, 4 are 
disabled diffusion regions. The transistors (semiconductor 
components) 2a-2d, 3a-3d, 4a-4e are formed in certain sizes 
according to required current capacities. The CMOS transistor 
region 5 is separated into sections, forming CMOS transistors 
5a . 

The trenches 6 are formed at positions where local 
oxidation of silicon (LOCOS) 7 is formed with depths that 
reach the insulating layer 12 of the substrate 1. The trenches 
6 have lateral insulating layers in which polysilicon or 
borophosphosilicate glass (BPSG) is implanted for insulating 
the semiconductor device. 

The semiconductor components 2a-2d, 3a-3c, 4a-4e are 
formed in the highly doped diffusion layer 13 and the lightly 
doped diffusion layer 14. Each semiconductor component 2a-2d, 
3a-3c, 4a-4e is separated and isolated from its surrounding 
areas by the trenches 6 . In other words , the trenches 6 do not 
cross PN junctions. Therefore, no leak occurs from the 
junctions. If a P-type diffusion layer and an N-type diffusion 
layer are formed on the insulating layer 12, the trenches 6 do 
cross the PN junctions. Thus, passivation treatment is 
required on the lateral walls of the trenches 6. The 
passivation treatment includes a chemical downstream etching 
(CDE), a sacrificial oxidation, and a hydrogen treatment. 



Horizontally connected PNP bipolar transistors 2a-2d are 
formed in the bipolar transistor region 2. The diffusion 
regions 21 that include emitter and collector regions arranged 
in line so that longitudinal sides of each region 21 are next 
5 to longitudinal sides of adjacent regions 21. The diffusion 

regions 20 that include base regions arranged in line next to 
adjacent short sides of the regions 21 so that short sides of 
each region 20 are next to short sides of adjacent regions 20. 
In the PNP bipolar transistor region 2, the diffusion regions 

10 20 , 21 have diffusion structures including repeated patterns. 

Each diffusion region 21 includes a P-type diffusion 
region 210 and a highly doped P-type diffusion region 211 as 
shown in FIG. 2A. Each diffusion region 20 includes an N-type 
diffusion region 200 and a highly doped N-type diffusion 

15 region 2 01. 

When the bipolar transistor region 2 is separated by the 
trenches 6, the PNP bipolar transistors 2a-2d are formed. 
Cross-sectional views of the bipolar transistor 2c sectioned 
by line IIC-IIC and line IID-IID are shown in FIGs. 2C and 2D, 

20 respectively, as examples. The P-type diffusion region 210 

located in the center and the highly doped P-type diffusion 
region 211 form an emitter 21e. The P-type diffusion regions 
210 on both sides of the center region 210 and the highly 
doped P-type diffusion region 211 form a collector 21c. The N- 

25 type diffusion region 200, the highly doped N-type diffusion 

region 201, and the lightly doped layer 14 form a base 20b. 

Vertically connected NPN bipolar transistors 3a-3d are 
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formed in the bipolar transistor region 3. The diffusion 
regions 30 that include collector regions and the diffusion 
regions 31 that include emitter and base regions are 
alternately arranged in line. Longitudinal sides of each 
region 3 0 are next to longitudinal sides of adjacent regions 
31. In the NPN bipolar transistor region 3, the diffusion 
regions 30, 31 have diffusion structures including repeated 
patterns . 

A P-type diffusion region 310 is formed in each diffusion 
region 31 with the LOCOS 7 as a mask for diffusion. In the P- 
type diffusion region 310 , a highly doped N-type diffusion 
region 312 is formed in the center. Furthermore, a highly 
doped P-type diffusion region 311 is formed around and a 
predetermined distance away from the N-type diffusion region 
312. The P-type diffusion region 311 and the N-type diffusion 
region 312 are formed with photo resist as a diffusion mask. 
The diffusion region 30 includes highly doped N-type diffusion 
regions 3 00, 3 01. The N-type diffusion region 301 is formed on 
top of the N-type diffusion region 300. 

When the bipolar transistor region 3 is separated by the 
trenches 6, the NPN bipolar transistors 3a-3d are formed. The 
NPN bipolar transistor 3a shown in FIGS. 3C and 3d has a base 
31b, an emitter 31e, and a collector 31c. The base 31b is 
formed by the P-type diffusion region 310 and the highly doped 
P-type diffusion region 311. The emitter 31e is formed by the 
highly doped N-type diffusion region 312 located in the center. 
The collector 31c is formed by the highly doped N-type 



diffusion regions 300, 301 and the highly doped N-type 
diffusion layer 13 of the substrate 1. The diffusion regions 
31 located between the NPN bipolar transistors 3a-3d are left 
out when the NPN bipolar transistors 3a-3d are formed. As a 
result, the collector 3 0c is formed near the trench 6 as shown 
in FIGS. 3C, 3D. 

The diffusion region 4 0 that forms a drain and the 
diffusion region 41 that forms a source of the LDMOS 
transistor are alternately arranged in two rows in the SDMOS 
transistor region 4. In the LDMOS transistor region 4, the 
diffusion regions 40, 41 have diffusion structures including 
alternately repeated patterns . 

Each diffusion region 40 has an N-type diffusion region 
400 and a highly doped N-type diffusion region 401 as shown in 
FIG. 4A. Each diffusion region 41 has a P-type diffusion 
region 410, highly doped N-type diffusion regions 411, and a 
highly doped P-type diffusion region 412. The highly doped P- 
type diffusion region 412 is formed in the center of the P- 
type diffusion region 410. The highly doped N-type diffusion 
regions 411 are formed on both sides of the highly doped P- 
type diffusion region 411. The highly doped N-type diffusion 
region 411, which forms a source, is formed using a gate 
electrode 8 as a mask for diffusion from the gate electrode 8 
to the diffusion region 40. 

When the LDMOS transistor region 4 is separated by the 
trenches 6, the LDMOS transistors 4a-4e are formed. The LDMOS 
transistor 4a has a channel, a source 41s, and a drain 40d. 



The channel is formed by the P-type diffusion region 410. The 
source 41s is formed by the highly doped N-type diffusion 
region 411. The drain 40d is formed by the N-type diffusion 
region 400 and the highly doped region 401. 
5 The diffusion regions 41 located between the LDMOS 

transistors 4a-4e are left out when the LDMOS transistors 4a- 
4e are formed. As a result, the drain 40d is formed near the 
trench 6 as shown in FIGS. 4C, 4D. The COMS transistors are 
formed in the CMOS transistor region 5 in the same manner as 

10 the LDMOS transistors 4a-4e. 

Each semiconductor component 2a-2d, 3a-3d, 4a-4e is 
tested in different sizes for obtaining optimum 
characteristics or responding various performance requirement. 
Therefore, it is preferable that the semiconductor component 

15 2a-2d, 3a-3d, 4a-4e is easily sized. 

In each area 2, 3, 4 of the semiconductor device 100 can 
be separated into different sizes of the semiconductor 
components in the same kind using a diffusion structure having 
a repeated pattern. For example, different sizes of bipolar 

20 transistors 3a-3d can be formed in the bipolar transistor 

region 3. The sizes of the bipolar transistors 3a-3d can be 
easily defined using the repeated pattern as a unit. The sizes 
of transistors 2a-2d, 3a-3d, 4a-4e can be even more easily 
defined by forming the diffusion regions 20, 21, 30, 31, 40, 

25 41 in rectangular. The sizes of the transistors 2a-2d, 3a-3d, 

4a-4e determine the current capacity. Therefore, the 

semiconductor device 100 can be easily designed. 



-11- 



Sizing the semiconductor components is especially useful 
if they are analog components for processing analog signals 
such as a bipolar transistor, or power components for 
controlling power supply such as an LDMOS transistor. If the 
5 semiconductor device 100 is constructed only from digital 

components, an electronic circuit can be easily modified by 
adding digital components as required. For example, gate 
arrays constructed of certain sizes of CMOS transistors 
arranged on a semiconductor substrate that is a platform can 

10 be modified by adding CMOS transistors. However, the sizes of 

the analog components and the power components have to be 
modified in each circuit application since the current 
capacity differs from a component to a component. 

In the semiconductor device 100, the transistors 2a-2d, 

15 3a-3d, 4a-4e are formed by separating respective regions 2, 3, 

4 with trenches 6 using the substrate 1 as a platform. As a 
result, the certain sizes of the components, that is, certain 
current capacity, are defined even when the components are 
analog or power components. 

20 Sizing semiconductor components is also useful for a 

hybrid IC in which a digital component 5a, analog components 
2a-2d, 3a-3d, power components 4a-4e are integrated in a 
single chip. In the semiconductor device 100, certain sizes of 
semiconductor components are easily formed in each region 2, 3, 

25 4, 5 using the semiconductor substrate 1. Thus, a testing 

period of the semiconductor device 100 can be greatly reduced 
and a development cost related to man-hour. 



-12- 



The semiconductor components of a kind are included in 
the same region 2, 3, 4, 5. Therefore, various types of 
semiconductor devices can be manufactured by modifying the 
semiconductor substrate 1 prepared in several configurations 
5 as standard platforms. By preparing the semiconductor 

substrate 1 as a platform, the manufacturing cost can be 
reduced. 

A method for manufacturing the semiconductor device 100 
will be explained. The SOI substrate 1, the diffusion regions 

10 20, 21, 30, 31, 40, 41, the LOCOS 7, and the gate electrode 8 

are formed by known methods. 

Referring to FIGS. 5A to 5E, a trench forming process 
will be explained. The SOI substrate 1 includes diffusion 
regions 40 and 41. The diffusion region 40 contains an N-type 

15 diffusion region 400 and a highly doped N-type diffusion 

region 401. The diffusion region 41 contains a P-type 
diffusion region 410, a highly doped N-type diffusion region 
411, and a highly doped P-type diffusion region 412. 

The SOI substrate 1 on which the diffusion regions 40, 41, 

20 the LOCOS 7, and the gate electrode 8 are formed is covered 

with a resist 90. Openings are created at positions that the 
trenches 6 are formed by photolithography. 

The resist 90 with the openings is used as a mask and the 
trenches 6 are formed with depths that reach the insulating 

25 layer 12 by etching. Then, the resist 9 0 is removed. As a 

result, LDMOS transistors 4f, 4g are formed, and the diffusion 
regions 40 and 41 are defined as a drain 40d and a source 41s, 
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respectively. Passivation, such as CDE, is performed to the 
side walls of the trenches 6 and oxide films with thickness up 
to 50nm are formed on the walls by low-temperature oxidation. 

Borophosphosilicate glass (BPSG) 91 is deposited on an 
5 entire surface of the SOI substrate 1 to fill in the trenches 

6. Heat treatment is performed at around 93 0 °C for a BPSG 
reflow. The BPSG 91 is leveled and the trenches 6 are solidly 
filled in. By the heat treatment, the diffusion regions 2, 3, 
4 formed on the SOI substrate 1 are activated. 

10 Contact holes are created in the BPSG 91 and first-layer 

aluminum (Al) patterns 92 are formed. As a result, the LDMOS 
transistors 4f, 4g are formed. Second-layer metallization 
patterns are formed on top of the first-layer Al patterns 92 
and a passivation film is formed on top of the second-layer 

15 patterns. 

In this method, the diffusion structures having the 
repeated patterns are formed by the diffusion process, and 
then, the trenches 6 are formed. Each semiconductor component 
4f, 4g are separated and isolated from surrounding areas. 

20 Finally, the patterns 92 are connected. 

The semiconductor components 4f, 4g are separated by 
mechanically creating narrow trenches, which is different from 
electrical separation using diffusion, such as PN junction 
separation. Therefore, the separating step can be performed 

25 after the diffusion step. In this method, the diffusion 

structures are prepared as platforms, and the formation of the 
trenches 6 is performed after the diffusion step. As a result, 
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the testing period of the semiconductor device 100 is reduced, 
and the development cost and the manufacturing cost are 
lowered . 

The BPSG 91 used for filling in the trenches 6 form an 
5 interlayer dielectric for the patterns 92. This shortens the 

manufacturing process and reduces the manufacturing cost. 

The SOI substrate may include only one layer N-type 
diffusion layer or P-type diffusion layer. A silicon oxide 
film (Si0 2 ) may be used for the etching mask for the trench 

10 formation. Sacrificial oxidation or hydrogen treatment may be 

performed to the side walls of the trenches 6 for passivation. 
If no current leakage is expected, the passivation is not 
required. Thicker oxide film may be formed on the side walls 
by high-temperature oxidation. 

15 The trenches 6 may be filled in with polysilicon. In 

this case, a thin oxide film may be formed on the entire 
region by CVD, the polysilicon is deposited to fill in the 
trenches 6, and extra polysilicon is etched back using the 
oxide film as a stopper. When the highly doped N-type 

20 diffusion layer 13 and the lightly doped N-type diffusion 

layer 14 are thicker than the lower portions of the substrate 
1 # the trenches 6 are not solidly filled in with the BPSG 91. 
In such a case, polysilicon effectively fills in the trenches 
6. 

25 [Second Embodiment] 

Referring to FIG. 6A, a horizontally connected NPN 
bipolar transistor 2e includes a P-type diffusion region 230, 
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a highly doped N-type diffusion region 231, an N-type 
diffusion region 220, and a highly doped N-type diffusion 
region 221. The P-type diffusion region 230 forms a base 23b. 
The highly doped N-type diffusion region 231 forms an emitter 
5 23e. The N-type diffusion region 220 and the highly doped N- 

type diffusion region 221 form a collector 22c. 

It is preferable that the diffusion regions 23 0 and 231 
are formed using a double diffusion method taking an end of 
polysilicon or LOCOS formed via an oxide film as an origin for 

10 a self-aligned process. In this case, the width of the base 

23b is precisely controlled, which provides good response and 
flat current gain. Therefore, stable bipolar transistors can 
be provided. The diffusion regions 230, 231 and the diffusion 
regions 220, 221 are formed in rectangular and arranged in 

15 line so that their longitudinal sides are next to each other. 

The NPN bipolar transistor 2e is formed by separating the 
region 2 by the trenches 6. 

The LDMOS transistor 4h includes a highly doped N-type 
diffusion region 421, P-type diffusion regions 431, 432, and a 

20 highly doped N-type diffusion region 433. The highly doped N- 

type diffusion region 421 is formed in an N-type well 420 to 
form a drain 42d. The P-type diffusion regions 431, 432 are 
formed in a P-type well and serve as channels. The highly 
doped N-type diffusion region 433 forms a source 43s. The 

25 diffusion regions 420, 421 and the diffusion regions 430, 431, 

432, 433 are formed in rectangular and arranged in line so 
that their longitudinal sides face to each other. The LDMOS 
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transistor 4h is formed by separating by the trenches 6, 

The methods for manufacturing the NPN bipolar transistor 
2e and the LDMOS transistor 4h are same as the methods 
discussed in the first embodiment. However, the semiconductor 
5 components 2e, 4h are formed on the SOI layer constructed of a 

thin P-type diffusion layer 12 with the thickness of about 5pm. 
Therefore, the trenches 6 are easily filled in with BPSG and 
the manufacturing cost is lower than using polysilicon for 
filling in the trenches 6. 

10 [Third Embodiment] 

Referring to FIG. 7, a semiconductor device 101 includes 
horizontally connected PNP bipolar transistors 2f-2k. The 
device 101 has diffusion structures in which rectangular- 
shaped N-type diffusion region 24 and P-type diffusion region 

15 25 are arranged in repeated patterns. The PNP bipolar 

transistors 2f-2k are formed by separating the regions 24 and 
25 into sections by trenches 61-69. Each PNP bipolar 
transistor 2f-2k is separated by trenches 62 and 63 formed 
parallel to the longitudinal sides of the transistor 2f-2k, 

20 and trenches 66-68 formed crossing the repeated patterns. 

In the PNP bipolar transistor 2k, the P-type diffusion 
region 25e, the N-type diffusion region 25b, and the P-type 
diffusion region 25c form an emitter, a base, and a collector, 
respectively. In the diffusion structures, the trenches 66, 67, 

25 68 are formed crossing the repeated patterns to define the 

semiconductor components 2f, 2g, 2h, 2i, 2j. The sizes of the 
semiconductor components 2f-2j are easily defined. Therefore, 
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the semiconductor device 101 can be easily designed. 
[Fourth Embodiment] 

Referring to FIG. 8, a semiconductor device 102 includes 
vertically connected NPN bipolar transistors 3e, 3f and a 
5 horizontally connected PNP bipolar transistor 21. A SOI 

substrate 19 that includes a P-type diffusion layer 16, an N- 
type diffusion layer 17, a P-type diffusion layer laminated on 
an insulating layer 12 is used in the semiconductor device 102. 
NPN bipolar transistor regions of the semiconductor 

10 device 102 have diffusion structures including two N-type 

diffusion regions 32, 33. The PNP bipolar transistor region 21 
has diffusion structures including an N-type diffusion region 
26 and a P-type diffusion region 27. The NPN bipolar 
transistors 3e, 3f and the PNP bipolar transistor 21 are 

15 separated by a trench 72 between the longitudinal sides of the 

N-type diffusion regions and the bipolar transistor region 21. 
The NPN bipolar transistors 3e, 3f are separated by a trench 
75 crossing the N-type diffusion regions 32, 33. 

In the NPN bipolar transistor 3f, the N-type diffusion 

20 region 32, the P-type diffusion layer of a substrate 18, and 

the N-type diffusion region 33 form an emitter 32e, a base 18b, 
and a collector 33c, respectively. In the PNP transistor, the 
P-type diffusion layer 18, the N-type diffusion region 26, and 
the P-type diffusion area 2 7 form an emitter 18e, a base 26b, 

25 and a collector 27c, respectively. 

In the diffusion structures, the semiconductor components 
3e, 3f, 21 are defined by forming trenches 72, 75 next to the 
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end of or crossing the diffusion areas. As a result, the sizes 
of the semiconductor components are easily defined and the 
semiconductor device is easily designed. 
[Fifth Embodiment] 
5 Referring to FIGS. 9A and 9B, a semiconductor device 103 

has a lateral insulated gate bipolar transistor (LIGBT) region 
88. The rest of the structure of the device 103 is the same as 
the semiconductor device 100 shown in FIGS. 1A and IB except 
for the highly doped N-type diffusion layer 13. The LIGBT 

10 region includes rectangular diffusion regions 80, 81 

alternately formed in two lines in the manner that the 
longitudinal sides of the regions 80 , 81 are next to each 
other. The diffusion regions 80, 81 form a cathode and an 
anode, respectively. The LIGBT region 88 has diffusion 

15 structures including repeated patterns in which the diffusion 

regions 80, 81 are alternately formed. 

The diffusion region 80 includes an N-type diffusion 
region 800 and a highly doped P-type diffusion region 801. The 
diffusion region 81 includes a P-type diffusion region 810, 

20 highly doped N-type diffusion regions 811, and a highly doped 

P-type diffusion region 812. The highly doped P-type diffusion 
region 812 is formed in the center of the P-type diffusion 
region 810. The highly doped N-type diffusion regions 812 are 
formed both sides of the diffusion region 811. The highly 

25 doped N-type diffusion region 811 is diffused from the gate 

electrodes 8 toward the diffusion region 80 using gate 
electrodes 8 as a mask. The gate electrodes 8 extend over a 
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part of the LOCOS 7 . 

The semiconductor components 88a-88c are separated by 
trenches 6 as shown in FIG. 9B. Each component 88a-88c forms 
an LIGBT. The component 88a is shown in FIG. 9D as an example. 
5 The P-type diffusion region 810 forms a channel in the LIGBT 

88a. The highly doped N-type diffusion region 811 forms a 
cathode 81c. The N-type diffusion region 800 and the highly 
doped P-type diffusion region 801 form an anode 80a. 
[Sixth Embodiment] 

10 Referring to FIG. 10 , a semiconductor device 104 includes 

an SOI substrate having the thickness of SOI approximately 
1.5nm. Since the thickness of SOI is very thin, the trenches 6 
are easily filled in. In other words, the trenches 6 are 
filled in by applying BPSG depositing process and reflow 

15 processes for filling in process of the BPSG becomes simpler. 

The present invention should not be limited to the 
embodiment previously discussed and shown in the figures, but 
may be implemented in various ways without departing from the 
spirit of the invention. The present invention may be applied 

20 to CMOS and LDMOS transistors. Gate width of the CMOS or the 

LDMOS transistor can be easily set by forming a trench 
crossing diffusion regions that form a source and a drain. 
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